We describe the adsorption of H on Si(114)-(2×1) as characterized by scanning tunneling microscopy and first-principles calculations. The H-surface chemistry is qualitatively similar to Si(001), including the easy formation at ~400 °C of a well-ordered, monohydride surface with a low defect density. The Si(114):H-(2×1) monohydride structure is essentially the clean surface reconstruction -composed of dimers, rebonded double-layer steps, and non-rebonded doublelayer steps -with each surface atom terminated by a single H. Like Si(001):H, this surface can be readily patterned with low voltage electrons.
In this Communication we describe the adsorption of H on Si(114) as characterized by scanning tunneling microscopy (STM) and first-principles calculations. We find that the H chemistry on this surface is qualitatively similar to Si(001), despite the relative complexity its structure, including the easy formation of a well-ordered, low defect density monohydride surface that can be readily patterned with low voltage electrons.
The experiments were performed in ultra high vacuum using Si wafers oriented to within 0.3°o f (114). The surfaces were cleaned by wiping with ethanol, degassing for 2 h in vacuum, and heating to ~1225 °C for 60 s. Sample temperatures were determined based on the sample heating power, which was calibrated using both an infrared pyrometer and thermocouple measurements (the estimated uncertainties are ±25º below 500 ºC and ±10º above). Atomic hydrogen exposure was performed by dissociating H 2 (typically 2 × 10 -5 Torr) with a hot W filament located ~1 cm from the surface. Following high-temperature exposures (250-425 °C) the samples were annealed in vacuum at the deposition temperature for at least 5 min. All STM images were acquired at room temperature with a constant current between 0.1 and 1 nA and bias voltages between 1 and 3 volts. Although images of both empty and filled electronic states have been acquired, only filled-states images are shown here.
To determine the equilibrium surface geometry of the H-terminated Si(114) surface, we performed first-principles calculations within the local-density approximation (LDA) to densityfunctional theory. The calculations used a double-sided slab geometry consisting of ten Si layers plus hydrogen. All but the inner two layers were completely relaxed until the surface energy was converged to within 1 meV/Å 2 . Total energies and forces were calculated using Troullier- As on Si(001), the main effect of the H on Si(114) is to remove the buckling, which on the clean surface is driven by transfer between the otherwise half-filled dbs. With H saturating each db, there is no charge-related driving force for buckling; as a consequence, the rebonded atoms and the adjacent dimers relax to similar heights. Experimentally there is evidence of some remnant buckling, observed as a slight (<0.1 Å high) asymmetry across some tetramers. We find no evidence for this in our calculations, perhaps because it is not the ground-state configuration but rather is related to surface defects or is induced by the extreme conditions under the probe tip.
On the clean Si(114)-(2×1) surface the rebonding atoms serve to halve the density of dbs at the underlying double-layer steps, albeit at the expense of additional surface stress. Given the ability of H to saturate every db without requiring strained Si bonds, one might expect H exposure to remove the rebonding atoms leaving a H-terminated step. Although the rebonding atoms remain on Si(114) following high-temperature exposure to H -apparently they continue to be a source of stability on this surface -we have found that on surfaces oriented closer to (001),
where the double steps are separated by three or more dimers, most of the rebonding atoms are stripped off. The "unrebonding" of the double-layer steps has a destabilizing effect on these surfaces, dramatically altering the step energetics and thereby the overall surface morphology (as will be discussed in more detail in a future publication).
The ability to simply terminate each db on the clean Si (114) [110] -
